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INTRODUCTION
F orensic entomology is the science enlightening forensic cases by examining the arthropods coming to corpses in the estimation of the minimum post-mortem interval (Amendt et al., 2004 (Amendt et al., , 2007 Benecke, 2005; Goff, 2001; Marhoff et al., 2016) . Different species feed on cadavers in different phases of decomposition depending on their biological structures. Behaving selective against decomposition stages, different insects are identified in different periods in many cadavers (Fremdt and Amendt, 2014) . Blowflies reaching a corpse within the shortest time are generally used to estimate the post-mortem interval (Wallman, 2002) . Forensic entomology provides information about the time of death and also help forensic entomologists to determine whether the body was removed from the crime scene, to establish a relationship between insects and the suspect, to help in child, elderly and disabled neglect and abuse cases. Species of necrophage insect families come to live in human and animal wounds and otherbody's areas and cause myiasis. Flies which come to humans and animals belong to the Calliphoridae, Muscidae, Syrphidae, Phoridae, Piophilida, Sarcophagidae and Psychodidae families. While solving forensic cases, faunal evidence is used to predict the time of death, time of wound and place of primer crime scene. Determining fauna of primary sarcosaprophagous Diptera species which colonize corpses and using obtained knowledge in medico-legal investigations have economic benefits in addition to prevent loss of time. Availability of accurate data about local faunas of these species in a city will help both armed forces and legal authorities to solve cases more quickly.
Turkey is located in the Palearctic region including Europe, Asia and some parts of Africa (Konstantinov et al., 2009) . Although located between Europe and Asia, the country has a geological structure different from the two continents. When considering the geological history of Anatolia and its ecological characteristics, it is the only country that shelter many species and is the center of many types of genes. It has a privileged position in terms of biodiversity due to having a place in a region where three continents are combined (Kence, 1987; Kışlalıoğlu and Berkes, 1987) .
It is divided into seven biogeographical regions; namely, Marmara Region, Black Sea Region, Aegean Region, Central Anatolian Region, Eastern Anatolian Region, South Eastern Anatolian and Mediterranean Region (Fent et al., 2011; Gross, 2012) . Kahraman et al. (2012) reported that Turkey always has four seasons in a year. The country usually experiences four seasons simultaneously due to its climatic and geographical characteristics. For these reasons, it has a rich biological diversity of insect fauna. Ankara is located in Central Anatolia and has a climate with heavily snowy and very cold and rainy winters, however, summers are very hot and dry. There is not a great deal of knowledge about insect faunas of Turkey and its neighboring countries (NBSAP, 2008) . Multicenter studies from different countries and dissertations on comparisons of faunas in different countries will contribute to the available literature and provide guidance for further studies.
The present work represents series of studies aiming to determine local insect faunas of Ankara and was directed towards identifying primary early blowfly species colonizing cadavers and having forensic importance in Cebeci, a district located in the center of Ankara.
MATERIALS AND METHODS
Series of field trials were conducted in March, May, September and December 2012. Later, other trials were carried out throughout the whole 2015 year.
Study area
The study setting is located in the center of Ankara city at coordinates of 39º56'02.66"N latitute and 32º53'06.91"E longitude. The campus is located at an altitude of 850 m. There are some departments of Medical Faculty. Two small parks for patients and their visitors, two canteens, three big cafeterias, a garage, a bank, a dormitory, a kindergarten, a department store, 10 cats, 2 dogs and several doves (Columbidae, Columbiformes) on the campus. It is surrounded by a neighborhood where families live, military buildings, government buildings, shopping centers, restaurants and a cenotaph for soldiers. An area on the campus where early blowflies would not be disturbed was selected as a study setting.
Trapping, preservation and identification
Eight small liver bait traps were used. These traps were easy to set in the study setting. In the middle of a 500 mlplastic water bottle, two opposing holes were opened. On the bottom of the bottle, 150 g of chicken liver was placed and then the bottle was closed. This was to prevent rain or snow from entering the trap. At the end, arope was passed through the bottle. The traps were bound to the trees in the garden and placed on the floor at a distance of 10 m apart.
A "Daily Data Control Sheet" was prepared to record the times of examinations and ambient temperatures. Changes in the ambient temperature were recorded with a digital thermometer.
Daily hourly temperatures issued by Weather Underground, Inc. on http://turkish.wunderground.com and ambient temperatures measured on the campus of Forensic Sciences Institute during the study period were recorded. The traps were checked hourly during working hours (from 08:00 to 17:00) throughout March, May, September and December 2012 and whole year in 2015.
All traps were kept in their places during 2012 and 2015 studies. Adult flies coming to the traps were trapped daily. Only the eggs collected in March and December 2012 were reared in an incubator at a constant temperature of 25±2°C. The eggs and the larvae in the traps were left in place until they became adults. Adult flies were killed with ethyl acetate vapors.
The adults and larvae were identified under Leica S8APO trinocular stereo zoom research microscope in Forensic Entomology/Forensic Biology Laboratory at Forensic Sciences Institute, University of Ankara. During their identification, Szpila (2010 Szpila ( ), (2012 and Smith (1986) , identification keys were used.
Statistical analysis
Bioidversity indices were used in the present study: Shannon-Wiener biodiversity index [H] Shannon-Wiener and Simpson diversity indices were used to determine the species diversity. For the assessment of dominance, Simpson Dominance Index was used. To determine the types of community-density relation Pielo'sEvennesIndex was used.
The distribution of species richness and individuals dominance between species in an area in a given time periodis indicated by the Shannon-Wiener Index. Obtaining a high value of species richness shows a numerical equality between species.
Shannon-Wiener index was calculated using the following formula: k, number of species; p i, proportion of the i th species from the total pool of species; ni, number of the i th species individual; N, total number of individuals.
Pielou's Eveness Index shows that distribution of a number of individuals between species is homogeneous. When the index value is close to 1, the distribution is even. When it is closeto 0, distribution is uneven.
Pielou's Eveness Index was calculated using the following formula: J′, J′ index value; H, Shannon-Wiener index; H′ max, log 2 S, (maximum diversity); S, species number.
Margalef Species Richness defines whether a region is rich and diverse in terms of species number. A high value of the index shows a richness in species.
Margalef species richness index was calculated as below:
S, total number of species; N, total number of individuals.
Simpson Dominance Index (D) indicates whether a species is dominant in an area. Simpson Diversity Index (1/D) shows the distribution between individuals' species. In terms of the species number.
Simpson Dominance Index, Simpson Diversity Index and Simpson Reciprocal Index were calculated using the following formulae:
Simpson dominance index (Simpson index):
Simpson diversity index:
Simpson reciprocal index:
All descriptive statistics were determined using SPSS software 16 and BioDiversity Prosoftware for Ecology.
RESULTS
The focus of the present work is to determine and identify early blowfly species colonizing cadavers and having forensic importance in Cebeci, a district located in the centre of Ankara. The mean temperatures obtained are presented in Table I .
During 2012 studies, four fly species belonging to the Calliphoridae family were identified on Ankara University Medical Faculty Cebeci Campus in Ankara province. Out of four species, two belonged to subfamily Calliphorinae Calliphora vicina (Robineau-Desvoidy, 1830) and Calliphora vomitoria (Linnaeus, 1758) and two belonged to subfamily Luciliinae Lucilia sericata (Meigen, 1826) and Lucilia richardsi (Collin, 1926) . Species from family Sarcophagidae (Diptera) and Dermestes sp. (Linnaeus, 1758) (Coleoptera: Dermestidae) were also identified. The seasonality of Calliphoridae species identified in 2012 surveys according to study periods is shown in Table II. In September, in a very short time (about three minutes) after the liver trap was placed on the floor of the Institute's garden, wasps which belong to Vespula germanica (Fabricius, 1793), Vespula vulgaris (Linnaeus, 1758) (Hymenoptera: Vespidae) swarmed around the liver. The 3 rd instar larvae in the trap were collected to protect them against wasps' attacks. For this reason, adult species could not be obtained.
In 2015, a total number of 2482 arthropods comprising of three orders and seven families were collected from all eight traps on the Cebeci Campus. Three fly species belonging to family Calliphoridae were identified out of three species, two belonged to subfamily Calliphorinae C. vicina (Robineau-Desvoidy, 1830) and Calliphora vomitoria (Linnaeus, 1758) and one belonged to subfamily Luciliinae Lucilia sericata (Meigen, 1826). Species from family Anthomyidae (Diptera), Musca domestica (Linnaeus, 1758), Muscina stabulans (Fallén, 1817) (Diptera: Muscidae), family Sarcophagidae (Diptera), Dermestes lardarius (Linnaeus, 1758) (Coleoptera: Dermestidae), family Histeridae (Coleoptera), family Vespidae (Hymenoptera) were also identified. As seen in Table III , the highest taxa richness was observed in June (544; 21.92 %), while the lowest was in January (6; 0.24%). Monthly values of biodiversity indices during trapping periods of 2012 and 2015 are shown in Tables IV and V. 
DISCUSSION
Our goal in this study is to answer one of the frequently asked questions in forensic cases, that is whether a corpse has been moved or not. Forensic entomologists answer this by investigating blowflies that have forensic importance. To contribute to the data needed to answer these questions, this study also focused on identifying fly species having forensic importance on Ankara University Medical Faculty Cebeci Campus, located in Ankara.
The diversity indices of insect communities describe their response to environmental factors. The number of species that defines the structure of the community and balanced distribution of individuals belonging to the species or the abundance of different species is the total number of individuals (Morris et al., 2014) .
Diversity indices have the advantage of being independent of sample size and is dimensionless. The individuals number has a number of disadvantages due to being reduced to anonymous numbers. Time-dependent diversity variations are more informative than absolute diversity value.
In the study that was conducted in 2012, when Shannon-Wiener Index was applied; H value was the highest in May representing 1.172, whereas a value of 0 was found in March and December. During these two months only C. vicina was observed. This may be due to low temperature in March and December and development temperature of C. vicina eggs being between 2.0-3.5°C (Davies and Ratcliffe, 1994) . Pielous' Regularity Index was found the lowest in March and December representing 0 and the highest in May and September representing, respectively, 0.586 and 0.662. This shows that the distribution of species is unregular in March and December and regular between May and September.
Margalef Index ranged from 0 to 0.369 in 2012. The average was found to be 0.177. The highest values were obtained in May (0.369) and September (0.337). Simpson Dominance Index differed between 0.599 and 1, and Simpson Diversity Index ranged between 0 and 0.405. Dominance Index in March and December was found to be 1 shows the dominance of C. vicina but less species diversity.
Simpson's Diversity Index were found between 1 and 1.680. This low value indicates weak species richness. This may be due to the small number of samples data that could not be collected during March, May, September and December 2012 and all months of 2015.
The absence of sampling during March, April, September and December and during other months of the year caused a decrease in number of data.
In the surveys that was conducted in 2015, ShannonWiener Index (H') was found between 0 and 2.677. The obtained value of 0 shows that diversity is low during January, February and December since only one species of C. vicina was observed. H value was the highest in June reaching 2.677. The index decreased gradually toward the end of the year with a value of 0.262 in November and reached 0 in December. Thus, diversity decreases during cold months and increases during the months where air temperature increases.
Pielous' Eveness Index value was the lowest during January, February, and December representing 0, and reached the highest value between June and October. Overall, number of individuals in this month reached the highest value. This value shows irregularities in the distribution of the species when it is found to be close to 0 while it shows uniform distribution of the species when it is reported to be close to 1.
Margalef index value in January, February and December was 0, then rose to 0.163 in March and to 0.880 in June. The low values observed in January, February and December illustrate the dominance by the presence of only one species. The highest values in April, October and December explain the richness of species diversity. Parallelism in Shannon-Wiener and Pielous' Eveness indices results that we found shows that both tests gave similar results.
Simpson dominance index value was 1 during January, February and December, 0.919 during March, and 0.915 in November. These results highlight the dominance of C. vicina species and reveals a low diversity. Variation of the value between 0.178 and 0.340 shows the presence of a much higher diversity.
Simpson diversity index during January, February, and December was found 0, and varied between 0.081 and 0.822 in the other months. Between April and October, species diversity is rich due to the relatively high temperature while diversity was lower in January, February, March, November and December. Shannon-Wiener Index results were parallel giving similar values.
Simpson Reciprocal Index was found between 1.000 and 5.616. Being between 1.000 and 1.093 due to lower the temperature in January, February, March, April, November and December, this index shows that the number of species is reduced. During May, June, July, August, September and October, it shows that number of species is higher.
As shown in Tables II and III , C. vicina was collected every month of the two studies periods. C. vicina is cosmopolitan species that arrives within the first four or seven minutes after death and begins to lay eggs on the carcass (Pellitero and Bordas, 2007) . These observations are in agreement with our results since C. vicina arrived to the traps within four minutes during our surveys. In addition, the Table II shows that the highest taxa richness was observed in May (307; 73.80%), while the lowest was in March (23; 5.53%). As seen in Table III , the highest taxa richness was observed in June (544; 21.92%), while the lowest was in January (6; 0.24%).
In a study conducted by Khoobdel et al. (2008) in Iran, which is located in the Palearctic region similar to Turkey, C. vicina was found to be active throughout the year. In addition, Wallman (2002) from the Australian region reported that C. vicina has spread to the world and appears throughout the year. Also, Prado e Castro et al. (2010) in a study in Portugal which is also located in the Palearctic region, observed that C. vicina is a cosmopolitan species. Similarly, in our work C. vicina was identified among collected specimens throughout the study period in 2012 and 2015.
Predominancy of C. vicina in this study can be explained by the ability of this species to continue living under low temperatures. Results of the present study are consistent with those of Faucherre et al. (1999) who reported a case in which C. vicina was able to fly and oviposit under extreme conditions. The present study also revealed that C. vicina continued laying eggs and growing although the average air temperature was 6.74± 5.00°C in March and 1.00± 4.18°C in December. In fact, Marchenko (2001) reported that sub-development temperatures were 2°C for C. vicina, 3°C for Calliphora vomitoria and 9°C for Lucilia sericata. Nonetheless, an unexpected decrease in the temperature in March and December led to freezing of eggsand thus to death of the larvae. Therefore, the eggs were reared in an incubator at a constant temperature of 25±2°C.
In the present study, Lucilia sericata was found in May. These observations are in agreement with those reported by Lord (1990) , Campobasso et al. (2001) , Sevgili et al. (2004) and Sabanoğlu and Sert (2010) . Sevgili et al. (2004) in their study in Şanlıurfa, Turkey found Lucilia sericata between May and October and C. vicina in May, September and October but Calliphora vomitoria only in September. As seen in Table II , Lucilia sericata was found in May and September, C. vicina throughout the year and Calliphora vomitaria in both May and September. Sabanoğlu and Sert (2010) at Beytepe Campus, Ankara province, identified C. vicina, Calliphora vomitoria, Phaenicia sericata (syn. Lucilia sericata) and Chrysomya albiceps. Karatepe et al. (2005) stated that the flies coming to the meat left outdoor after "Kurban Bayramı" (feast of sacrifice, a celebration held in Islamic countries) were mostly C. vicina and Muscina stabulans (Fallen, 1817) . Likewise, in the present study, as could be seen in Tables II and III , C. vicina was identified in the pieces of liver in each month of the two studies periods. Fly species that first arrive to cadavers in nature are blowflies species (blue and green bottle flies) belonging to Calliphoridae family. It is also reported in the literature that C. vicina is the species that first comes to cadavers and is quite high in number (Byrd and Castner, 2010) . In a study on the fly fauna conducted in the rubbish dumps of the towns of Mamak and Sincan, in Ankara, Güler (2000) collected Lucilia cuprina (Wiedemann, 1830) between June and September and Lucilia sericata between April and October. Şaki and Özer (1999) (Kokcam and Saki, 2005) . The holoarctic species Lucilia sericata is considered as a common species in the World and causes myiasis in animals (Eren et al., 2010) . In wound myiasis, female flies belonging often to Calliphoridae family leave their eggs or first-instar larvae on neglected wounds and cause tissue destruction (Karakuş et al., 2015; Kaya et al., 2014; Kılıç et al., 2011) .
In the present study, Vespula germanica (Fabricius, 1793) and Vespula vulgaris (Linnaeus, 1758) attracted to the liver trap and prevented the flies from laying their eggs on the liver. In parallel with the results of the study by Foil and Hogsette (1994) , wasps were observed to capture eggs, larvae and adult flies and divide them into pieces in the present study. Vespidae family, extremely active in July and August, was also found to appear in autumn. determined that blowflies came in the decomposition process in Victoria, Australia, and reported that wasps consumed the meat quickly and attacked the blowflies in the meat. Moretti et al. (2011) in a study noted that species of blowflies could not be determined since premortem wounds were remarkably disrupted due to wasp attacks after death, which is comparable with the results of the present study. In fact, blowflies were not able to lay eggs due to wasp attacks .
CONCLUSION
The goal of the present study is to determine local faunas of Ankara and identify early blowfly species colonizing cadavers and having forensic importance in Cebeci, a district located in the centre of Ankara. Data from forensic entomologic studies from Turkey has been increasing. The results obtained from the present study will contribute to this accumulation of information. Understanding the insect fauna in different locations of Ankara will also contribute to this. Forensic entomology studies mostly aim to estimate the time of death and specify the place of death. These studies usually help us to obtain reliable and rapid results in consideration of the local fauna. It suggests that animal models should be increased in Turkey to identify the insect fauna for forensic purposes. In further studies, faunas of other locations in Ankara will be revealed.
